To document the trajectory of motor and vocal behaviors in real and developmental time, we observed infants at each of four biweekly naturalistic play sessions over the transition to crawling. An exhaustive and mutually exclusive coding scheme documented all vocalizations and postures. Odds ratios of the likelihood of a given posture-vocalization dyad revealed that vocalization and crawling were significantly unlikely to co-occur at the session marking the onset of crawling. We speculate that infants' allocation of attention over the transition to crawling prompted behavioral trade-offs. During mastery of a novel skill, infants may have had difficulty allocating attention to multiple tasks, but with experience, a decrease in attentional load for the new skill allowed performance of simultaneous behaviors in other domains to occur.
The facilitation and trade-offs perspectives do not necessarily contradict one another, as there is nothing in the current accounts about the timing of the relation between motor and language acquisition. In fact, the facilitation account tends to focus on developmental time-motor development at one point facilitating language development at another-whereas the trade-offs account tends to focus on events unfolding in real time. Perhaps initially, as novel skills challenge and require greater attention, there may be a disruption in performance. Ultimately, the acquisition of new motor skills may create opportunities for language, but not necessarily immediately or concurrent with onset.
Aims of the study
The primary aim of this study was to document the timing and trajectory of motor and language development via infants' naturalistic, spontaneous behaviors. To do this, we followed infants over the transition to crawling to document whether the frequency of concurrent postures and vocalizations changed as a function of expertise in that posture. If the pattern of cognition-action trade-offs previously observed in both naturalistic and experimental goal-directed tasks also held true for infants' naturally occurring vocalizations and motor behaviors, we would expect to observe vocalization during crawling less often than during more experienced postures. We would also expect the likelihood of vocalization during crawling to increase as crawling experience increased and the skill became less taxing. However, if early vocalization and motor skills tap "multiple pools" of attentional resources, rather than "a central, unitary pool" (Park, Kim, & Chun, 2007 , p. 1063 ), then we would not expect to see any interference as newly acquired skills are added to infants' repertoires.
Our second aim was to examine the occurrence of early motor and language skills relative to one another on multiple timescales. First, we documented this relation longitudinally over several weeks. Biweekly observations (i.e., every 2 weeks) allowed us to hone in on possible changes in this relation over the transition to crawling as infants' motor expertise changed from week to week. Second, we microcoded frameby-frame onsets of all motor and vocalization events as they unfolded in real time. Developmental studies frequently characterize what children know at particular points in development, providing a series of snapshots that help to illuminate children's development. Widely spaced sampling intervals can only reveal reference points along the path of developmental change and are likely to miss critical details in that path (Adolph & Robinson, 2011) . We aimed to meticulously discriminate periods of stability and change in the order of seconds and minutes, rather than the traditional weeks, months, and years. By observing infants during naturalistic play, we captured "in the moment" interactions among motor and vocal behaviors.
METHOD
This data set was collected as part of a larger longitudinal study examining vocal and motor development in the first 2 years of life. In the original study, 30 infants were observed for a 45-min naturalistic play session in their own homes, biweekly from ages 2 to 19 months. Sessions were videotaped for later data coding. To enhance the audio MOTOR-VOCAL CONCURRENCE OVER CRAWLING TRANSITION component of the recordings, infants wore a small wireless microphone clipped to a cloth vest worn over their clothing during the session.
Participants
For 23 infants from the original data set (12 females), we selected four sessions corresponding to key time points across the transition to crawling, independent of age: 2 weeks precrawling, crawling onset, 2 weeks postcrawling, 4 weeks postcrawling, for a total of 80 naturalistic observation sessions. Mean age at session 1 was 7.94 months (SD = 1.49 months). Infants from the original data set were excluded if they could not contribute useable data to all four sessions. Missing sessions were due to lost video or if infants were constrained for 85% or more of the session (e.g., by being placed in an infant seat or other piece of furniture; see below). Families were recruited from a small midwestern city and a large mid-Atlantic city through published birth announcements and word of mouth. Eligible families were contacted by letter and follow-up phone call. Informed consent was obtained from parents upon enrollment. All infant participants were from full-term, uncomplicated pregnancies with normal deliveries; had 5-min neonatal Apgar scores within the normal range (9 or better; Apgar, 1953) ; and came from monolingual, Englishspeaking homes.
Data coding
Data from each observation were coded from digital video using Datavyu (http://da tavyu.org), a computerized coding system that records durations and frequencies of behavior. We microcoded 15 consecutive minutes from each 45-min session. We used the first 15 min of the session unless the infant was not on the floor for any of that time. When that happened, we simply advanced the video until the infant was placed on the floor and commenced coding from there. If a session did not have a full 15 min of floor time, we coded as much of the session as possible. Using an exhaustive coding scheme, we identified the onset (first frame) and offset (last frame) of every vocalization and posture. Codes within each variable were mutually exclusive. Durations for each behavior were calculated by subtracting the onset frame from the offset frame. Over the 22.89 h of coded video, we observed 11 postures (e.g., sitting, crawling, pulling-to-stand) and six types of vocalizations (e.g., babbling, cooing, crying). Operational definitions of posture and vocalization variables are provided in Table 1 .
To obtain timed event sequential data, data were coded in two passes. The first pass captured posture and continuously scored the full 15 min, as infants were always in a posture. The second pass captured vocalizations, which occurred intermittently throughout the session. Each change in posture and/or change in vocalization was considered a new event (see Figure 1) . We examined the timing of postural and vocal behaviors relative to one another within a session, as well as to crawling status between sessions. By marking video frames to identify behavioral onsets and offsets, and by doing so in separate passes for posture and vocalization, we objectively classified concurrent events by identifying the frames where posture and vocalization behaviors overlapped.
A primary coder coded all variables from video. To test interrater reliability, a second coder independently coded 20% of all events. Events chosen for reliability coding were selected at random, except to ensure that each participant contributed some data Posture Balance supported Prone-belly resting on floor Supine-back resting on floor Supported sit-sitting position with postural support from hands, pillow, etc. Independent balance controlled Sit-sitting without hands, holds position for 10 secs Hands and knees-belly lifted off floor, stationary Kneel-stationary on knees Supported stand-stands upright keeping balance holding furniture, caregiver, etc. Crawl-pulls body forward to achieve independent locomotion Pull-to-stand-independently uses furniture, wall, caregiver, etc. to get from floor to standing Independent stand-stands upright without assistance, bears own weight Steps-take at least two independent steps without assistance Vocalization Cooing-uttering only vowel sounds Babbling-repeated bouts of consonant sounds Spontaneous emotion-related (from Green, Whitney, & Potegal, 2011) Fuss-negative emotion, short, flat melody, quiet Cry-negative emotion, loud, up and down melody, breath may be interrupted Laugh-positive emotion Shriek-shrill, loud, short Figure 1 Data coding schematic using exemplar data from two infants to illustrate coding passes. The stacked bars illustrate the continuous coding of posture (bottom) and vocalizations (top) over the course of a session (x-axis). The width of the bar segments reflects the duration of individual behaviors. Infants were always in a posture, whereas vocalizations occurred intermittently.
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from each session to the reliability subsample. For categorical measures, the reliability coder agreed on 100% of context codes, 93% of language codes, and 96% of motor codes (js > .88, p values <.01). Correlation coefficients for measures of duration ranged from r = .91 to r = .94 (p values <.01). Discrepancies between coders were resolved through discussion.
RESULTS
For the purposes of this study, all analyses refer to the 15-min segment of coded video for each infant at each session. Data were included in analyses only when infants were free to move. Babies were considered constrained if they were held by their mother or placed in posture-supporting baby equipment like an exersaucer or doorway jumper. Constrained time accounted for just 16.5% of the total available video and ranged from 0 to 84% of any individual infant's session. Most infants were free to move most of the time: In 55 of 92 sessions, infants were free to move 100% of the time; in only two sessions were infants constrained more than 50% of the session (both at session 1). For purposes of our research question, we only included babbling and cooing as vocal behaviors in our analyses. After 4 months of age, perlocutionary acts, such as emotional vocalizations (e.g., laughing, crying), can be intentional ("communicative") or physiological ("expressive;" Barr, 1990; Bates, Camaioni, & Volterra, 1975; Soltis, 2004) . It was beyond the scope of this project to sort out the underlying degree of intentionality of each perlocutionary act. Therefore, to control for effort as best as possible in a naturalistic setting, emotional vocalizations were excluded from analysis. Using these criteria, 5,028 motor and vocal events were eligible for analysis.
Posture

Transitions between postures
We had no a priori expectations about the amount of time infants would spend transitioning between postures. To assess whether transition between postures needed to be its own category, we pilot-coded video from two infants at each of the four sessions (eight infants total). The mean proportion of time infants spent transitioning from one posture to another, when the duration of all transitions was summed together, was less than one minute (4.5%) of the 15-min segment (range = 2-8%; SD = .02). Confirming what has been observed previously with adults, infants' transition movements were typically indistinct from and overlapping with the postures bracketing the transition (Aminian et al., 1999; Mathie, Celler, Lovell, & Coster, 2004) . The majority of transitions were very brief, fluid movements. Occasionally, longer transitions would occur when infants would become distracted as they moved from one posture to another (e.g., noticing the video camera or a toy and slowing down their movement to examine it). Thus, we chose not to create a unique category for transitioning between postures, and instead operationally defined the offset of the preceding posture/onset of the following posture as the frame marking the end of the transition. 
Prelocomotor and locomotor postures
In contrast, a main effect of session was observed for several nonstationary postures. For crawling, F(1, 21) = 8.26, p < .01, g p 2 = .28, the main effect was driven by a significant difference between session 2, the first session that infants crawled, and session 4, t(21) = 2.87, p < .01. Likewise, for pulling-to-stand, F(1, 11) = 4.65, p = .05, g p 2 = .27, the main effect was driven by a significant difference between session 2, the first session that infants pulled to stand, and session 4, t(11) = 2.16, p = .05. Session 1, where infants neither crawled nor pulled to stand yet, was not included in these analyses.
A repeated measures ANOVA on amount of time spent on hands and knees also revealed a main effect of session, F(1, 22) = 4.76, p < .05, g p 2 = .19, which was driven by differences between sessions 1 and 2, and between sessions 1 and 3 (p's ≤ .05). A main effect of session on amount of time spent in supported standing, F(1, 22) = 6.99, p < .02, g p 2 = .24, was driven by differences between sessions 1 and 4 and sessions 2 and 4. In addition, one infant took some independent steps (between 2 and 10) at each session, but it was so rare that we did not include it in any analyses. 
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Vocalizations
There were 1,206 separate instances of vocalization included in the analyses. Total vocalization time summed over a given session for individual infants ranged from just 1.27 sec to 3.23 min. A 4 (session) 9 2 (vocalization type) repeated measures ANOVA revealed a main effect for vocalization type, F(1, 22) = 7.68, p < .02, g p 2 = .26. Planned comparisons revealed that infants babbled more than they cooed at sessions 3 and 4, p = .02 and p < .01, respectively (see Figure 3) .
Co-Occurrences between crawling and vocal behavior over the transition to crawling
To address our primary aims of understanding when and whether co-occurrences between motor and vocal behavior took place, we identified at each session the amount of time that infants spent crawling, the amount of time spent vocalizing, and when those behaviors overlapped (Figure 4) . Following procedures similar to those described in Bakeman and Quera (2011), we created 2 9 2 contingency tables for each posture/vocalization dyad of interest at each session. For example, contingency tables for crawling and vocalization tallied the number of times (a) infants vocalized while crawling, (b) vocalized while not crawling, (c) crawled without vocalizing, and (d) neither vocalized, nor crawled. This process was repeated for each target posture. Odds ratios (OR) were calculated as OR = [(a/b)/(c/d)] for each session as the likelihood that a given posture-vocalization dyad would co-occur. The OR is a descriptive measure of effect size for categorical variables and a primary measure of association in 2 9 2 frequency tables (Andrade, 2015; De Rooij & Anderson, 2007) . ORs greater than 1 indicated that contingencies were more likely to occur than not, ORs less than 1 indicate that contingencies were unlikely to occur, and p values indicate whether these likelihoods were significant. 
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We could not run repeated measures analyses across sessions without losing data from infants who had a session where they did not perform the given motor behavior. Instead, to retain as many participants as possible, we conducted planned comparisons for the effects of session on the likelihood of concurrent given and target behaviors.
To address our primary question of whether vocal behaviors significantly cooccurred with motor behavior, one-sample t-tests of whether ORs differed significantly from 1 were performed for each session. Vocalizations at sessions 2 and 3 (crawling onset and 2 weeks of crawling experience) were significantly less likely to be concurrent with crawling, whereas vocalization at session 4 (4 weeks crawling experience) was equally likely to occur while infants were crawling as when they were not crawling (see Table 2 , Row 1). The OR values presented in Table 2 are interpreted as the odds of vocalization occurring during a bout of a given locomotor behavior. The odds of infants vocalizing while crawling during session 2, for example, are 13-100. In other words, for each additional bout of crawling in session 2, the odds of vocalization decrease by .13 (Rico-Villademoros, 2012). 
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To examine whether concurrent performance changed as a function of expertise, we compared the odds ratio for the crawling/vocalization dyad across the three sessions (session 1 was excluded as it was the precrawling session). Paired samples t-tests on OR revealed that all sessions were significantly different from all other sessions: Infants were significantly less likely to vocalize while crawling in session 2 than in sessions 3 and 4, t(8) = 2.26, p = .05 and t(12) = 2.78, p = .02, respectively, and significantly less likely to vocalize while crawling during session 3 than 4, t(15) = 2.51, p < .03.
In addition to exploring the likelihood of infants vocalizing while crawling, we also examined whether there was a relation between duration of individual crawling bouts and whether infants vocalized. A series of paired samples t-tests on mean crawling bout duration revealed that, for sessions 2, 3, and 4 (t(4) = 4.71, p < . 01, t(9) = 3.10, p = .01, and t(17) = 3.44, p < .01, respectively), crawling bouts when instances of vocalizations occurred were significantly shorter than bouts absent of vocalization (see Figure 5 ).
Concurrence between other postures and vocal behavior
To test the hypothesis that more experienced postures require less effort and would free up attentional resources for other demands, and because sitting was the "default" posture that infants spent the most time in at all sessions, we calculated the odds ratio for the sitting/vocalization dyad across the four sessions. Unlike with crawling, infants were equally likely to vocalize as not while sitting at all four sessions. Planned paired samples t-tests revealed no significant differences between any of the sessions for OR (see Table 2 , Row 2).
We also calculated contingency tables for other postures that are typically acquired later in the first year. Unlike crawling, we did not have onset dates, but we did want to examine the contingency patterns for other postures that may have been in flux at the time of observation. We calculated the odds ratios for the standing with support/ vocalization dyad and for the pulling-to-stand/vocalization dyad across the four sessions. As shown in Table 2 (Row 3), few infants were standing with support at session 1, so the likelihood that infants would not vocalize while standing with support at that session did not reach statistical significance. By session 3, however, infants were more likely to vocalize than not while standing with support.
No infants pulled to a stand in session 1 and very few did so in session 2 (see Table 2 , Row 4). By session 3, those infants who pulled to a stand were significantly unlikely to vocalize while doing so. However, by session 4 that association did not reach statistical significance.
DISCUSSION
This longitudinal study examined the relation between motor and language behaviors as they unfolded in real time, as well as how that relation changed over developmental time. We chose observation points surrounding the onset of crawling and found that infants were less likely to vocalize simultaneously while crawling when they were novice crawlers, but after a month of crawling experience, they were equally like to vocalize while crawling as when not crawling. Furthermore, although we did not intentionally time our observations to capture the onset of pulling-to-stand, we also found a similar pattern for this milestone-infants were less likely to vocalize simultaneously while pulling-to-stand at the first session where they performed that skill.
Our documentation of the timing and developmental trajectory of concurrent postural and vocal behaviors may reflect the organization and development of attention during infancy. Using skill acquisition as a model for understanding resource allocation, we speculate that infants' allocation of attention over the transition to crawling prompted behavioral trade-offs. During mastery of a novel skill, infants had difficulty allocating attention to multiple tasks, but with experience, a decrease in attentional load for the new skill allowed performance of simultaneous behaviors in other domains to occur (Warburton, Wilson, Lynch, & Cuykendall, 2013) .
Postures that depend on balance abilities require significant attention to maintain control (Brauer, Woollacott, & Shumway-Cook, 2002) . In elderly, balance-impaired adults, for example, falls frequently occur when they are walking and simultaneously performing a secondary task, such as talking (Shumway-Cook & Woollacott, 2000) . Researchers posit that falls are not due to impairments to balance alone, but to decrements in the ability to allocate attention to balance while also carrying out other tasks. Likewise, infants acquiring multiple new skills simultaneously may have to strategize how to effectively allocate attention during mastery and execution. Rather than sacrificing performance in either domain, they may suspend one behavior while carrying out the other. Strikingly, in this study the mean duration of crawling bouts when infants vocalized was shorter than bouts when they did not, despite having more opportunity to do so during long bouts. Longer crawling bouts would have required more effort, particularly for novices, because maintaining an effortful posture is more taxing than reverting to a less demanding one (Berger, 2010; Berger, Chin, Basra, & Kim, 2015) .
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Several recent studies have demonstrated positive relations between motor and language development (He, Walle, & Campos, 2015; Oudgenoeg-Paz, Volman, & Leseman, 2012; Walle & Campos, 2014) , which at first glance may seem to contradict our current findings. How can motor behaviors compete with vocalization for attentional resources, while also facilitating language development? One explanation is that these relations are operating on different timescales. The acquisition of motor milestones supports language development as new postures and skills create new opportunities (e.g., Iverson, 2010; LeBarton & Iverson, 2013; Yingling, 1981) . The onset of crawling or walking at one time point triggers a cascade of later experiences that shape opportunities for vocalization, exploration of new contexts, and social interaction. However, when language comprehension and motor abilities of 21 month olds were observed, only oral motor control was associated with language production and no relation was found between language comprehension and measures of motor control (Alcock & Krawczyk, 2010) . In contrast, our findings dealt with motor and vocalization behaviors as they unfolded "in the moment" in real time and as they emerged in development. Emergent behaviors elicit temporary instabilities that ultimately resolve as infants become more skilled in the new posture (Smith & Thelen, 2003) .
CONCLUSION
Examining the relation between the developmental trajectories of motor and language milestones using dense sampling (Siegler, 2006) yields new insights into our understanding of the interaction between these developmental domains. Once skills are mastered, they may indeed facilitate one another, but in the short term, the acquisition of one may put the development of the other on hiatus. As infants allocate limited attention to mastering newly acquired developmental milestones, they may find it difficult to simultaneously perform other novel behavior. Thus, trade-offs in the acquisition of developmental milestones on multiple timescales as infants concentrate on one effortful behavior at a time may help to explain the natural variability in timing and order of milestone acquisition (Adolph, Berger, & Leo, 2011; Berger, Theuring, & Adolph, 2007) .
